Reports suggest that carriage of methicillin-resistant Staphylococcus aureus (MRSA) among persons without health care-associated risks has increased. A meta-analysis of studies reporting the prevalence of communityacquired MRSA (CA-MRSA) among MRSA isolates from hospitalized patients or the prevalence of MRSA colonization among community members was conducted. The CA-MRSA prevalence among hospital MRSA was 30.2% in 27 retrospective studies and 37.3% in 5 prospective studies; 85% of all patients with CA-MRSA had у1 health care-associated risk. The pooled MRSA colonization rate among community members was 1.3% (95% confidence interval [CI], 1.04%-1.53%), but there was significant heterogeneity among study populations. Community members from whom samples were obtained in health care facilities were more likely to be carrying MRSA than were community members from whom samples were obtained outside of the health care setting (relative risk, 2.35; 95% CI, 1.56-3.53). Among studies that excluded persons with health care contacts, the MRSA prevalence was 0.2%. Moreover, most persons with CA-MRSA had у1 health care-associated risk, which suggests that the prevalence of MRSA among persons without risks remains low (р0.24%). Effective control of dissemination of MRSA throughout the community likely will require effective control of nosocomial MRSA transmission.
published reports and to document the prevalence of MRSA colonization in community settings among healthy persons who do not have health care-associated risk factors for acquisition. Studies reporting the rates of community-acquired MRSA (CA-MRSA) were reviewed to determine what definitions were used to classify isolates as CA-MRSA, what proportion of patients classified as having CA-MRSA had health care-associated risk factors for acquisition, and the prevalence of MRSA colonization in the community.
METHODS

Data acquisition.
A literature search of the English-language MEDLINE database was conducted, and epidemiological studies were identified for the time period spanning January 1966 to February 2002. Keywords (and combinations thereof) used for searches of medical subject headings were "Staphylococcus aureus," "infection," "colonization," "methicillin resistance," "community-acquired," "community-onset," "prevalence," "frequency," and "risk factors." All citations were tracked until no new studies were identified, and the reference lists of relevant articles were reviewed, which also identified studies for inclusion. Finally, a search of abstracts from recent (1996-2001) scientific meetings was conducted, during which additional relevant studies for analysis were identified. Studies considered for inclusion in the meta-analysis were evaluated independently by 2 study investigators (C.D.S. and D.P.C.). Case reports were excluded.
Studies selected for inclusion were divided into 2 groups. The first group included studies that reported the prevalence of CA-MRSA among hospital patients who were colonized or infected with MRSA. The second group consisted of studies that reported the prevalence of MRSA colonization in the community.
Data extraction. Among studies that reported the prevalence of CA-MRSA among hospital patients with MRSA, the extracted data included the definition of CA-MRSA used in the study, the sample size, the number and type of risk factors assessed, and the number of patients with у1 health careassociated risk factor. Among studies that reported the prevalence of MRSA colonization in the community, the extracted data included sample size, the number and type of risk factors assessed, the number of patients with у1 risk factor, and the strain type (if reported).
Data pooling and statistical analysis. Because methodological differences can preclude combining some studies with others of the same topic, studies that reported the prevalence of CA-MRSA among hospital patients with MRSA were grouped according to epidemiological type (retrospective vs. prospective). The pooled prevalence of CA-MRSA was calculated for each group by adding up the number of isolates from patients classified as having CA-MRSA and dividing the number of patients classified as having CA-MRSA by the total number of patients with MRSA. Because no study of the prevalence of CA-MRSA among hospitalized patients provided the total number of patients for whom culture results were reported, the calculated prevalence of CA-MRSA was limited to the prevalence among patients with MRSA. The proportion of patients classified as having CA-MRSA who had у1 reported health care-associated risk factor was also calculated.
Studies reporting the prevalence of MRSA colonization in the community were grouped according to the community population being surveyed (e.g., a random community sample, a healthy clinic population, or contacts of individuals known to be colonized with MRSA). The pooled prevalence of MRSA colonization was calculated for each study population by dividing the number of MRSA-colonized subjects by the total number of subjects for whom culture results were reported. The proportion of persons in each community population with у1 reported risk factor was calculated, and for studies in which strain typing was performed, the proportion of CA-MRSA strains found to be typical nosocomial strains was also determined. x 2 Analysis was used to compare proportions and to determine heterogeneity among studies to assess the appropriateness of pooling data (Epi Info 2000; CDC). was P р .05 considered to be significant.
RESULTS
The initial MEDLINE search identified 104 studies. Forty-seven studies were excluded because they were case reports or did not report data on the prevalence of CA-MRSA among hospital patients with MRSA or the prevalence of MRSA colonization among healthy community members. Fifty-seven studies (54.8%) were included in the meta-analysis.
CA-MRSA among hospital patients with MRSA. Thirtytwo publications reported the prevalence of CA-MRSA among hospital patients with MRSA [5, 10, . Community acquisition was determined using routine clinical specimens (rather than surveillance cultures done at the time of hospital admission). Twenty-seven of the studies were retrospective [5, 10, , and 6 different definitions of CA-MRSA were seen in 21 of these [5, 10, 17, 19-22, 24-32, 34, 37, 38, 40, 41] . Six retrospective studies did not report the definition used [18, 23, 33, 35, 36, 39] . Five publications were prospective studies, and 3 different definitions of CA-MRSA were used in this group [12] [13] [14] [15] [16] . Seven publications that focused on CA-MRSA among hospital patients with MRSA differed from the other 32 studies because they sought to identify risk factors among hospital patients who had already been classified as having CA-MRSA [8, [42] [43] [44] [45] [46] [47] . Four different definitions of CA-MRSA were used in 5 of these studies [8, 42, [45] [46] [47] , and 2 did not report the definition used [43, 44] . The more common definitions were Patient from a community clinic/facility 3 [13, 15, 31] No definition reported 8 [18, 23, 33, 35, 36, 39, 43, 44] NOTE. Most common definitions reported were patient isolates identified within 48 h of hospital admission, with or without other exclusions, which often included recent admission to hospital or long-term care facility or previous history of MRSA colonization.
based on the timing of the isolation of MRSA in relation to the time of admission, with or without assessment of health care-associated risk factors (table 1) .
Assessment of risk factors for MRSA acquisition included у1 of the following factors: recent hospitalization (range, 1-24 months before identification of MRSA infection or colonization), recent outpatient visit (usually within 12 months), recent nursing home admission (usually within 12 months), recent antibiotic exposure (range, 1-12 months), chronic illness (e.g., end-stage renal disease, diabetes, or malignancy), injection drug use, and close contact with a person with risk factor(s) for MRSA acquisition.
The pooled CA-MRSA prevalence among 5932 patients from 27 retrospective studies was 30.2% (range, 1.9%-96%). Seventeen of these studies investigated the presence of health care-associated risk factors among 4121 patients [5, 10, 17-19, 21, 22, 24, 25, 28, 30, 31, 34-37, 39] . Recent hospitalization and chronic illness requiring health care visits were the most common risk factors assessed among the patients included in these studies. The median number of risk factors studied was 2 (range, 1-6), and 86.1% of these patients had у1 health care-associated risk factor. The pooled CA-MRSA prevalence among 636 patients from the 5 prospective studies was 37.3% (range, 18.2%-51.2%). All of these studies investigated the presence of health care-associated risk factors [12] [13] [14] [15] [16] . The median number of risk factors studied was 4 (range, 2-4), and 86.9% of these patients had у1 health care-associated risk factor. Seven other studies sought to identify risk factors among hospital patients who had already been classified as having CA-MRSA; 84.7% of 515 patients had у1 risk factor for health care-related acquisition [8, [42] [43] [44] [45] [46] [47] .
MRSA in the community. Ten studies used surveillance cultures to report the prevalence of MRSA colonization among members of a community [9, [48] [49] [50] [51] [52] [53] [54] [55] [56] (table 2, figure 1 ). The pooled MRSA colonization prevalence among 8350 people was 1.3% (95% CI, 1.04%-1.53%; range, 0.2%-7.4%). Significant heterogeneity existed among the studies, which suggests that simple pooling of the data may not have been appropriate. Because of the heterogeneity among study populations, subgroup analyses were performed after stratification on the basis of methodological differences. In 9 of these studies, culture samples were obtained before assessment of risk factors [9, [48] [49] [50] [51] [52] [53] [54] [55] . The pooled MRSA colonization prevalence among 4825 people was 2.1%. The median number of health care-associated risk factors evaluated was 5 (range, 1-10). At least 47.5% of those with MRSA had у1 health care-associated risk factor. The remaining study of 3525 people included only persons without prior health care contact and reported an MRSA colonization prevalence of 0.20% (table 2) [56] . Compared with the subjects in the other 9 studies, which did not exclude those with a health care contact, these patients were 90% less likely to have MRSA (RR, 0.10; 95% CI, 0.05-0.21).
Seven of these 10 community studies obtained samples for surveillance cultures at the time of a hospital admission, an outpatient clinic visit, or an emergency department visit [9, [50] [51] [52] [53] [54] [55] ; samples were obtained from 3898 persons altogether. The pooled prevalence of MRSA colonization was 1.8%. Three studies that included 4452 people total were done outside of health care facilities (schools, day care centers, homeless shelters, and military bases) [48, 49, 56] . The pooled MRSA colonization prevalence was 0.76%. Patients from whom samples were obtained in health care facilities were 2.35 times more likely to carry MRSA than were community members from whom samples were obtained outside of the health care setting (95% CI, 1.56-3.53). One study included members of a semiclosed community and found a prevalence of MRSA colonization of 7.4% [49] . Compared with individuals who were not in a semiclosed community [48, 56] , these persons were 36 times more likely to carry MRSA (95% CI, 13.7-94.7). Among the 70 MRSA isolates from people without identified health care-associated risk factors, 32 underwent strain typing, and 29 (91%) of those 32 were reported to be similar to strains found in local hospitals.
Four studies evaluated the colonization status of 191 household contacts of 93 patients discharged from the hospital with nosocomial MRSA colonization (figure 1) [57] [58] [59] [60] . Of these contacts, 17.8% were found to be colonized with a strain of MRSA with the same antibiogram as the index case. Household contacts of MRSA-colonized patients [57] [58] [59] [60] were 14 times more likely to be colonized than were general community mem- bers without a known MRSA contact (95% CI, 9.8-20.1) [9, [48] [49] [50] [51] [52] [53] [54] [55] [56] . Four additional studies evaluated the colonization status of 517 sports team members or day care contacts of persons known to be colonized with MRSA ( figure 1 ) and found that 5.4% developed MRSA colonization with the same strain (either identified by antibiogram or pulsed-field gel electrophoresis) as the index case [61] [62] [63] [64] .
DISCUSSION
The 1999 report of 4 pediatric deaths resulting from CA-MRSA infection [65] resulted in greatly increased interest in this organism among health care providers and raised important questions about the prevalence and origin of CA-MRSA. The purpose of this review was to summarize available data to help describe the epidemiology of MRSA in the community. Epidemiological investigations typically begin with the development of a case definition for the outcome of interest; however, a standard definition has not been created for CA-MRSA. In fact, this review revealed that at least 8 different definitions have been used to classify MRSA infections as community acquired. This could have contributed to heterogeneity among studies and limited the ability to simply pool data.
A majority of studies of CA-MRSA have assessed patients presenting for hospital admission for any reason, and relatively few studies having been conducted among randomly selected healthy members of the community. Most studies of hospitalized patients have used a time-based approach to distinguish between community-acquired and nosocomial infections (e.g., infections present on admission or diagnosed within 48-72 h of admission were considered to be community acquired). This approach has limited utility, however, in the evaluation of staphylococcal infections. MRSA colonization can persist for months to years [3, 66] , and 1 study reported an estimated half-life of MRSA colonization of 40 months among patients known to be colonized with MRSA who were admitted to a university hospital [66] . The majority of colonized patients remain completely asymptomatic. Therefore, acquisition of MRSA, whether it occurs in the hospital or in the community, frequently goes unrecognized unless clinical infection develops. Given the duration for which colonization with MRSA can persist, an infection may develop in a setting different from that in which the organism was initially acquired. Thus, in the absence of more epidemiological data, such as the results of surveillance cultures documenting time of acquisition, the true site of acquisition of MRSA is rarely known with certainty. The commonly used term "CA-MRSA" implies that it is known that the organism was acquired in the community. It appears, however, that this term is often used to refer to the detection of colonization or infection in the community, rather than to actual acquisition of MRSA in the community.
These considerations make an assessment of the presence of risk factors known to be associated with the acquisition of MRSA important before classification of an MRSA isolate as community acquired. The present analysis found that, when even minimal risk factor assessment was done, at least 85% of hospital patients who met the time-based definition for CA-MRSA and 47.5% of healthy community members found to be colonized with MRSA had у1 health care-associated risk factor for acquisition. This suggests that the prevalence of MRSA among persons without typical risk factors remains relatively low (i.e., р0.24%) and that most MRSA colonization and infection develops among those who have health care-associated risk factors or contact with other persons who have such risks. When patients known to be colonized with nosocomial MRSA are discharged from the hospital or nursing home into the community, spread to family members or other close contacts can occur [59] . The much larger population of colonized patients with nosocomial acquisition who were never recognized as such while in the hospital or nursing home likely contributes to the spread of MRSA in this manner. Therefore, the best way to control MRSA within the community may be, paradoxically, to control MRSA within all aspects of the health care setting.
The evolving epidemiology of MRSA could be compared with what has been described for penicillin-resistant S. aureus. Penicillin was introduced in 1941, and resistant S. aureus strains appeared in 1944 [67] . Initially, these resistant strains were associated with nosocomial infections, but dissemination into the community subsequently followed, seemingly at a time when the rate of penicillin resistance among hospital patients with staphylococcal infections approached 50% (figure 2) [68] . Because the current rate of methicillin resistance among intensive care unit patients with staphylococcal infections appears to be approaching 50% [2] , better control of MRSA within the health care setting may be necessary to prevent dissemination of MRSA throughout the community. This is not meant to imply that development of methicillin resistance among staphylococci by acquisition of the mecA gene does not occur in the community, even though molecular epidemiological studies have suggested that this occurs only very rarely in any setting [69, 70] . In fact, it is likely that the majority of such genetic events have always occurred in this setting, rather than among hospitalized patients, simply because of the relative sizes of the groups. Approximately one-third of the general population is colonized with S. aureus, but only ∼35 million (12%) of the 281 million people living in the United States are admitted to the hospital each year. Thus, only a small minority of the total population, and presumably of the staphylococci-colonized population, are hospitalized at any given time. The estimated annual number of person-days of S. aureus colonization is, therefore, 733-fold larger in the community than in the hospital (36.9 billion vs. 50.4 million, respectively). Simple probability, therefore, would suggest that most staphylococcal strains that acquire the mecA gene have probably done so in the community. Nevertheless, the high prevalence of antibiotic therapy in the health care environment offers selective pressure for survival, proliferation, and spread of resistant strains, which results in amplification of any MRSA strain that arrives there, regardless of its place of origin. There also have been several reports of MRSA colonization rates as high as 42% among members of "closed populations," such as Canadian and Australian aboriginal communities and Pacific Islanders [71] [72] [73] . Extensive risk factor analysis has not been done among these populations; however, these higher rates of CA-MRSA may be associated with risk factors for spread in the community, such as overcrowding, high rates of skin infections, and frequent use of broad-spectrum antibiotics [74] . One recent study reported an increase in CA-MRSA in Minnesota, mostly involving Native Americans [38] . The study was not population based, so a prevalence could not be reported, but the patients were generally described as young and healthy, without hospitalization, surgery, dialysis, or residence in a long-term care facility in the previous year. Antibiotic therapy and health care use in outpatient clinics were not investigated as risk factors, but the vast majority of isolates were clonal, which suggests that spread was through transmission, rather than frequent de novo development of methicillin resistance.
This review and meta-analysis has identified several limitations of the current data on CA-MRSA. Well-designed community-based studies that include adequate risk factor analysis would be helpful to further elucidate the epidemiology of MRSA as it occurs in the community. Selection of clinic attendees or patients admitted to the hospital for study appears to result in overestimation of the true MRSA colonization rate among healthy community members. Use of consistent terminology will be important in future investigations. The term "community-onset" MRSA (CO-MRSA), which simply describes the patient's location at the time of identification of MRSA, would be more technically correct than the currently used "CA-MRSA," which implies that the site of MRSA acquisition is known. When a patient with nosocomially acquired MRSA spreads the organism to multiple members of the patient's household or community, this should not be called "community acquisition." Subsequent evaluation of common risk factors could be done to further classify isolates as "CO-MRSA in a patient with risk factors" or "CO-MRSA in a patient without risk factors" (figure 3). Major risk factors for CO-MRSA appear to be those already identified as risk factors for nosocomial MRSA, which suggests that the increase in CO-MRSA among non-hospitalized patients is, in large part, due to the introduction of health care-associated strains into the community.
